The current work investigates the exergy analysis of a new system to generate power, heat, and refrigeration. In the proposed system, the heat loss of a gas turbine (GT) is first recovered by a Heat Recovery Steam Generator (HRSD), then by an Organic Rankine Cycle (ORC) to generate warm water and additional power, respectively. In the ORC, reheating is used to increase the output power, the required heat of which is provided by a geothermal resource. Moreover, there is an absorption refrigeration cycle in the system that operates with the remaining geothermal heat. The exergy efficiency of the system were 50.65%; while the coefficient of performance of the refrigeration system was calculated to be 0.5. In this regard in the entire system, the combustion chamber accounted for the major exergy destruction, making the GT/HRSG system have the highest portion of 87.71%. The greatest exergy efficiency was 96%, which was obtained for the gas turbine.
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The current work investigates the exergy analysis of a new system to generate power, heat, and refrigeration. In the proposed system, the heat loss of a gas turbine (GT) is first recovered by a Heat Recovery Steam Generator (HRSD), then by an Organic Rankine Cycle (ORC) to generate warm water and additional power, respectively. In the ORC, reheating is used to increase the output power, the required heat of which is provided by a geothermal resource. Moreover, there is an absorption refrigeration cycle in the system that operates with the remaining geothermal heat. The exergy efficiency of the system were 50.65%; while the coefficient of performance of the refrigeration system was calculated to be 0.5. In this regard in the entire system, the combustion chamber accounted for the major exergy destruction, making the GT/HRSG system have the highest portion of 87.71%. The greatest exergy efficiency was 96%, which was obtained for the gas turbine. doi: 10 Rankine cycle (ORC), with the heat exchangers are suitable candidates for this purpose. The heat exchangers used the heat of the gas turbine exhaust to produce hot water (or other fluid). The residual energy of combustion gases is utilized for recovery in the ORC [2] . Chacartegui et al. [3] thermodynamically studied a combined cycle of commercial gas turbine and different ORCs. They improved the total efficiency by parametric optimization. They also compared a typical combined cycle of gas turbine-steam Rankine cycle to a new combined cycle of gas turbine-organic Rankine cycle. The total efficiency of the new combination increased up to 3%. However, another interesting result of their study was that the same productivity (≈ 60%) was obtained for the two cases; but with the difference that the second case required lower input temperature for the gas turbine as well as the reduced NO and construction and maintenance costs. Moreover, a simple configuration, and the superheated output flow of the turbine are among the advantages of ORC [4] . Beside the recovering of the wasted energies, the use of renewable energy resources rather than fossil fuels is another solution to control environmental pollution and global warming. A resource that is increasingly being used is the geothermal energy, which can be employed in ORC due to its low-medium temperature [5] [6] [7] . Among geothermal advantages are its reliability, stability, cheapness, and abundance. The combined power plants can be improved in terms of energy saving and economic issue when a hot source is used to generate electricity and also another type of energy such as cold, simultaneously. Absorption chillers are widely used as downstream cycles of geothermal heat sources to generate refrigerant vapor. Behzadi et al. [8] proposed a system consisting of a concentrated PVT, an absorption refrigeration system, and a geothermal energy resource considering energy, exergy, and exergoeconomic aspects to generate power and refrigeration. Their results indicated that the loss heat recovery of the geothermal unit increased the coefficient operation factor up to about 15%.
Reviewing previous studies shows the ORC is widely considered for electricity generation by using of both waste heat recovery and geothermal heat source. Therefore, using the methods that improve its performance and increase capacity is highly recommended. One of these technics is reheating, which is usually used in a boiler for removing turbine output moisture. Despite the much attention of scholars to the geothermal energy sources because of their proven benefits, to our knowledge, there is no system that utilize this energy source for the reheating purpose. However, due to the having enough temperature and energy, it is capable to do so instead of boilers, producing much less emissions than fossil fuels, so it seems worth to be investigated. In this project, geothermal energy, before being used in the absorption chiller to create refrigerant steam, is first used for reheating the organic fluid to improve system performance.
In general, the proposed system is a combined cycle to generate power, heat, and cold. The system consists of a gas turbine whose output gas heat is first used by a recuperator and then an ORC to generate hot water and power, respectively. At the same time, the geothermal energy is employed to reheat in the ORC. Leaving the ORC, the geothermal fluid is directed to an absorption refrigeration cycle so its remaining heat would be used in the generator to generate ammonia vapor. The proposed system is analyzed in terms of exergy and the effects of design parameters on the system performance will be investigated.
SYSTEM DESCRIPTION
A schematic viewof the proposed system is demonstrated in Figure 1 . This system involves a gas turbine cycle, an ORC, and an absorption chiller. In the gas turbine cycle, the air enters the compressor at 298 K and 1 bar. Then, to increase in temperature, it enters the air preheater, going to the combustion chamber where the fuel is sprayed at 12 bars and combustion takes place. The combustion gases leave the chamber and pass through the gas turbine. The total power generated by the gas turbine is considered 30 MW [9] . There is a heat recovery steam generator (HRSG) in the path of the combustion gases to generate saturated water vapor at 35 bars using their heat. The remaining heat of the gases is directed to the evaporator of ORC.
In the ORC, the organic fluid passes through the pump in the form of saturated liquid. It then goes to the internal heat exchanger to be preheated before entering the evaporator. It absorbed heat from the combustion gases in the evaporator and becomes saturated vapor [2] , entering the high-pressure turbine. After it expands in the turbine, it is reheated by a geothermal heat resource in a heat exchanger while temperature increased. The reheating pressure was considered to be the mean of the evaporation and condensation pressure [10] . Then, the organic fluid goes to the low-pressure turbine. Since the fluid temperature is still high in its outlet, an internal heat exchanger was placed there to make the best use of the organic fluid heat. The working fluid then enters the condenser and returns back to the pump to repeat the cycle.
After exchanging heat in the ORC, the geothermal fluid goes to the generator of the absorption refrigeration cycle. In this cycle, a solution of water and ammonia was used as the absorber and refrigerant. Once the heat is absorbed by the solution from the geothermal fluid, the refrigerant vapor is separated from the absorber and goes to the condenser. The refrigerant vapor condenses in the condenser and passes through the expansion valve to the evaporator. After evaporation, the refrigerant receives heat from the ambient and creates coldness. Then, the refrigerant enters the absorber where it is absorbed by the absorber solution that comes from the generator to the absorber by reducing the pressure. Now the refrigerant and absorber solution created in the absorber with a large amount of the refrigerant fluid is pumped to the generator and the absorption refrigeration cycle is completed. 
1. Presumptions
• All the processes are steady [9] ; • Methane is a fuel with a lower heating value of 800661 kJ/kmol [9] ; • Air and combustion gases are ideal gases [9] ; • Air and gas flow in the gas turbine cycle experience 5 and 3% of pressure drop passing through the main devices, respectively [9] ; • 2% of the lower heating value of the fuel is lost in the combustion chamber [9] ; • The HRSG input water is at 298 K and 35 bars. The output water is saturated vapor [2] . • In the ORC, the input flow of the high-pressure turbine is saturated vapor and that of the pump is considered saturated liquid [2] ; • The reheat pressure is considered to be the average of the condensation and evaporation pressures [10] ; • In the absorption chiller, the generator output is considered saturated ammoniac vapor, while the condenser output is considered saturated liquid [11] ;
Input data to analyze the gas turbine, organic Rankine cycle, and absorption chiller are listed in Tables 1 and 2, respectively. 
1. Exergy Analysis
In the steady state, the exergy equilibrium of a control volume is given [7] :
where i and e are the input and output flows, respectively, ex is the specific exergy, ̇ is the exergy destruction rate, ̇ is the work exergy, and ̇ is the exergy of the heat exchanged between the control volume and ambient stated as follows:
Specific physical exergy in a given statement, defined as follows [2] :
Index 0 denotes the amount of a variable in the ambient condition. Chemical exergy of an ideal gas mixture is defined as stated as follows [2] :
In which ℎ is the chemical exergy per mole, is the mole fraction of component k of the gas mixture, and is the universal gas constant. Exergy destruction of each system component is calculated by deducting the product exergy from the fuel exergy, while exergy efficiency is calculated by dividing the exergy of fuel by the exergy of product. The total exergy efficiency (i.e. the second law efficiency) is defined as follows:
=̇,
̇=̇+̇−̇−̇ (8)
RESULTS and DISCUSSION
First, the results are compared to those of the previous studies to validate them. Bejan et al. [9] , Mohammadi et al. [11] , Yari and Mahmoudi [12] have employed to validate the results obtained for the gas turbine, ORC, and absorption chiller, respectively. The results are indicated in Tables 3 and 4 , showing good validity. Table 5 represents the exergy results. For each device, the fuel exergy rate, product exergy rate, and exergy destruction rate were determined. The lowest and highest exergy destruction was obtained for the pump and the combustion chamber. Thus, a reduction of this variable in CC can considerably reduce it for the entire system. A method is to preheat the air before it enters the TABLE 3. Exergy rate of different points of present work compared to literature [9] and [12] for gas turbine and ORC, respectively.
Point Fluid

̇( MW) [Present work]
̇( MW) [9] ̇( MW) [ combustion chamber [9] . When the air is preheated in the APH, the required mass flow rate of fuel diminishes and thus the exergy efficiency rises. The greatest portion in the exergy destruction is 58.7% and belongs to the combustion chamber. As a result, the gas turbine cycle has the highest portion of 81.71%, followed by the ORC and absorption refrigeration cycle with 1.63 and 16.67% of this parameter, respectively. Thus, any change in the thermodynamic parameters of the gas turbine cycle can significantly affect system performance. Furthermore, Table 5 indicates that the highest exergy efficiencies belonged to the gas turbine and air compressor, while the lowest exergy efficiency belonged to the condenser of the absorption refrigeration cycle. Overall results obtained from the proposed system's modeling, are: 30.498 MW of total output power, 36.715 MW of generated heat in HRSG, and 10.532 MW of cooling load. Moreover, the overall exergy efficiency and the coefficient of performance (COP) of chiller were obtained to be 50.65% and 0.5, respectively. The output power of ORC improved by 29.4% with respect to non-reheating mode. Now let's explore the effects of a number of key parameters on the proposed cycle's behavior. Figure 2a demonstrates the compressor pressure ratio effect on the heating and cooling loads in the HRSG and the evaporator of chiller. While Fig. 2b shows its effects on the exergy efficiency. As it is seen in Fig. 4a , the pressure ratio inversely affects both parameters, that is, an increase in the compressor ratio rises its output temperature (the combustion chamber input temperature in other words). This process reduces the mass flow rate of fuel and combustion gas, and heat generation in the vapor generator. Considering the energy balance in the ORC evaporator, the mass flow rate and the output power of ORC increased. Increased ORC output power and reduced fuel consumption in the combustion chamber are the factors that raise the exergy efficiency. Moreover, a reduction in the geothermal fluid temperature going to the generator reduces the refrigeration capacity. Figure 3a demonstrates variations in the cooling load of the evaporator and the COP of the absorption refrigeration cycle, while Figure 3b illustrates the exergy efficiency changes for the proposed system based on the reheating pressure. An increase in the reheating pressure raises the output power of the ORC and declines the heat absorption for the reheating. The input geothermal fluid temperature of the generator and its heat transfer rate increase, leading to the enhanced refrigeration of the evaporator of the chiller. The mentioned changes rise the system exergy efficiency and decrease the COP of the chiller. These changes are slight because the system performance is more affected by the gas turbine cycle parameters than by the ORC. 
CONCLUSION
This study investigated the exergy analysis of a triple generation system of power, heat, and cold. The system consisted of three cycles: gas turbine cycle, ORC, and absorption refrigeration cycle. Beside the heat recovering from the output gases of the gas turbine, the ORC used a geothermal resource for reheating, the result of which was the increased output power and system efficiency.
The major results are as follows:
• Exergy efficiency was obtained 50.65%;
• The output power of ORC improved by 29.4% with respect to non-reheating mode. • The COP of the refrigeration system was obtained to be 0.5; • The highest portion of the exergy destruction was calculated to be 81.71%, which belonged to the GT/HTSG among the three cycles; • The highest and lowest exergy efficiencies were obtained 96%, and 11%, which belonged to the gas turbine and the condenser of the chiller, respectively; • GT/HRSG parameters played greater roles in the efficiency of the system than those of other parameters.
